Abstract. The study presents a comprehensive hygienic assessment of environmental objects located in the zone influenced by ferrovanadium production; the results of chemical analysis and laboratory investigations of biological fluids (blood) of people living in different areas of exposure; correlation dependencies for the "doseblood concentration of vanadium" and the "exposure marker -effect marker" relationships. Based on the results of epidemiological studies the responses of the organism to chronic exposure of exogenous vanadium are substantiated, and the benchmark vanadium blood level is determined.
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Health Risk Analysis Scientific and methodical approaches to risk analysis coupled plasma, based on which a complex of quantitative methods for determination of vanadium in the ambient air and in human blood has been developed [2, 12] .
The aim of the present study is to substantiate the benchmark vanadium level in human biological media (blood) under conditions of chronic inhalation exposure.
Materials and methods.
Complex of sanitary and hygienic, epidemiological and statistical methods, mathematical methods for calculating the distribution of vanadium pentoxide in the ambient air from the sources of the studied manufacture, and methods for calculating the exposure and odds ratio were used. The causality modelling was carried out. Investigations were carried out on the areas with different levels of air and drinking water pollution with vanadium resulting from emissions and discharges of ferrovanadium alloys production. Based on the results of calculations of vanadium pentoxide dispersion in the ambient air, which were verified using field observation data for the period of 2010-2011, and calculations of the total average daily dose by chronic exposure, 9 exposure zones (monitoring zones) were identified that were located at a distance of 0.2 to 10 km from the source of pollution of environmental objects.
The zone with the lowest vanadium exposure was chosen as the control.
Methods of chemical-analytical control were applied to determine vanadium content in the ambient air (in equivalent of vanadium pentoxide) [11] , in drinking water and in blood of the exhibited population [2] . The blood was chosen as a biosubstrate for the quantitative assessment of the toxicant content due to the fact that the concentration of elements in the blood has a higher correlation with the absorbed dose compared with other body fluids and therefore most adequately represents the exposure [13] . Furthermore, the concentration of metals, including vanadium, in the blood is a marker of chronic exposure to metals [19] .
The quantitative determination of vanadium in the objects of human environment and in human blood was carried out using a mass spectrometer Agilent 7500cx (Agilent Technologies, USA). Determination of vanadium in the ambient air was carried out in accordance with the Methodological Guidelines MUK 4. 1.2953 -11 [12] , a range of determinations 0.000005-50.0 mg/m 3 . The determination of vanadium in the blood was carried out with Octopol/reaction cell, where helium was used as the cell gas.
[17] Control of the results of blood analysis was carried out by using a reference material with a similar matrix structure; for this purpose standard blood samples were used in various concentration ranges, SERONORM L1-L3 (Norway).
For in-depth study a sample of 950 children in the age of 4 to 7 years (150 persons from each exposure zone, including boys -51.6%, girls -48.4%) living under vanadium exposure during at least 1 year, was formed. The sample included individuals with equal ethnicity and race, and weight and height parameters, not exceeding the ± 15% limits of the Quetelet weight- Analysis of immunological (immunoglobulin A, M, E total immunoglobulin G specific to vanadium, phagocytosis) and biochemical parameters (ALT, AST, total protein), which characterize the development of adverse effects after intake of vanadium via inhalation and oral route (with drinking water) [10], was performed using standardized methods [8] .
According to laboratory abnormalities with the reference to the physiologically normal values at various levels of the vanadium content in the blood [17] , assessment of organism responses to chronic exposure of vanadium was carried out. To confirm the adequacy of using vanadium concentration in the blood as a criterion of chronic exposure, the relationship between the average vanadium concentration in the blood and the average annual vanadium concentration (in equivalent of vanadium pentoxide) in the ambient air of the exposure areas of interest during the same period of observation was determined.
Substantiation of the effect markers was made based on determination and assessment of the relationship between the deviations of the investigated laboratory parameters from the physiological norm and the concentration of vanadium in the blood. For this purpose, a multistage calculation of odds ratios (OR) was applied [17] . Based on the odds ratio (OR) the presence and strength of this relationship was assessed. As a criterion of the relationship the condition of OR ≥1 was accepted.
Assessment of parameters of the relationship of the odds ratio for laboratory abnormalities in children of the exposed population relative to the control group was performed by constructing a regression model in the form of an exponential function: OR ea0 a1 x, where OR is the odds ratio,   х is the average annual vanadium concentration in the blood in children, mg/dm3, a0, a1 are model parameters determined by the regression analysis method. The adequacy of the model was verified using analysis of variance with Fisher's exact test [4] . The differences were considered statistically significant by
When determining the benchmark level, confidence limits of the model were taken into account, which allow obtaining 95% interval assessments. The value corresponding to the Quantitative assessment of chronic vanadium exposure though inhalation and oral (with drinking water) routes of exposure of children in the studied sample showed that the total average daily dose of vanadium under conditions of annual exposure amounted to 2,5•10-5 -5,0•10-4 mg/(kg•day). Contribution of aerogenic factor to the total mean daily dose of vanadium was 94.2 to 99.8%. In the control area, the total average daily dose of vanadium during the year was 2.0•10-7 mg/(kg•day). The priority critical organs with the inhalation routes of vanadium entry are respiratory organs (sensitization); by the oral route -the liver and gastrointestinal tract [14] .
The exposure assessment results obtained are consistent with those of the previous studies [1, 9, 19, 20] , in which the authors as the main route of vanadium pentoxide entry in humans indicate inhalation of vapours and aerosols contained in the ambient air. The annual average concentration of vanadium in the blood of children from exposure zones ranged from 0.00054 to 0.009 mg/dm3, which corresponds to 0.62 to 10.3 RL (Table 3 ). In children of the control zone vanadium concentration in the blood was 0.00012 mg/dm3, which corresponds to 0.14 RL [15] (Table 2) . As a result of investigations and assessment of the parameters of the relationship between the odds ratio for laboratory abnormalities in exposed children and vanadium concentration in the blood, the following effect markers were identified: increased vanadiumspecific IgG, increased total IgE, increased AsAT activity, decreased total protein, decreased serum IgA, decreased phagocytic blood (Table 3) .
Calculation of the no-observed effect concentration (benchmark concentration) of vanadium in the blood for each marker of the effect yielded several upper limits of the 95 % confidence interval for the benchmark average annual concentrations of vanadium in the blood (Table 4) Benchmark vanadium concentration in the blood can be used in solving problems of social and hygienic monitoring, improving the biomonitoring efficiency, performing sanitary and epidemiological expertise of harmful effects on human health under conditions of chronic exposure of vanadium.
The developed complex of highly sensitive mass spectrometric techniques (ICP-MS) allowed estimation of the actual vanadium content in the ambient air at the reference concentration level and determination with high selectivity of the vanadium content in the blood over a wide range of concentrations [14] .
